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ABSTRACT 

Background: In this cohort study, we investigated whether a diagnosis of herpes zoster (HZ) was associated with a 
higher risk of subsequent cancer as compared with the Taiwanese general population. 

Methods: Data were obtained from the Taiwan National Health Insurance Research Database. In total, 38 743 
patients who were aged 50 years or older and had received ambulatory care for HZ between 1997 and 2006 were 
identified as the study cohort; 116229 age- and sex-matched patients without HZ were included as the comparison 
cohort. We used Cox proportional hazards regression models to estimate the hazard ratios (HRs) for subsequent 
cancer, after controlling for potential confounders. 

Results: The HR for subsequent cancer varied according to time since HZ diagnosis. The HR was 1.58 (95% CI, 
1.38-1.80) within the first year, 1.30 (95% CI, 1.15-1.46) between 1 and 2 years, 1.10 (95% CI, 0.98-1.24) between 
2 and 3 years, 1.02 (95% CI, 0.91-1.15) between 3 and 4 years, and 1.08 (95% CI, 0.96-1.21) between 4 and 5 years. 
The risk of subsequent cancer, particularly lung cancer, was significantly higher during the first 2 years after initial 
diagnosis of HZ. 

Conclusions: Our findings suggest that an HZ diagnosis is a marker of occult malignancy, particularly in lung 
cancer. The HRs for cancer decreased gradually over time and were no longer significant after 2 years of follow-up, 
which indicates that the association between HZ and cancer is likely due to detection bias. 
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INTRODUCTION 

Herpes zoster (HZ), or shingles, is a dermatologic 
manifestation of varicella infection and erupts after 
activation of varicella-zoster virus (VZV) previously latent 
in the sensory ganglia and dorsal nerve roots. 1 VZV is 
considered a "re-emerging" infection because of its potential 
for increased prevalence in elderly adults and otherwise 
immunocompromised or weakened patients. 2,3 

HZ was postulated to have a direct carcinogenic effect as 
early as 1955 4 and has been hypothesized to be a potential 
predictor of subsequent cancer. 5 Four cohort studies have 
investigated the relationship between HZ infection and risk 
of subsequent cancer, but the results were inconsistent. Three 
studies found no increased risk of malignant neoplasm after 
HZ; however, 1 of those studies comprised only 2 groups of 



50 patients. 6 Ragozzine et al detected no significant increase 
in cancer risk among 590 HZ patients, as compared with 
rates derived from local cancer registry data in Rochester, 
New York. 7 In contrast, Buntinx et al reported a higher 
incidence of cancer among HZ patients aged 65 years or 
older, but only among women. 8 However, because no 
significant association was found when men and women 
were analyzed jointly, the authors concluded that HZ was 
not a marker of undiagnosed malignancy. In a comparison 
of malignancy rates among patients hospitalized for HZ and 
those expected based on the Danish Cancer Registry, 
Sorensen et al found that the relative risk of a cancer 
diagnosis during the first year of follow-up was 1.3 (95% CI, 
1.1-1.5). They also detected a particularly high risk for 
hematologic cancer in this group (relative risk, 3.4; 95% CI, 
2.3-4.9). 9 



Address for correspondence. Chun-Yuh Yang, PhD, MPH, Department of Public Health, Kaohsiung Medical University, 100 Shih-Chuan 1st RD, Kaohsiung 
80708, Taiwan (e-mail: chunyuh@kmu.edu. tw). 



205 



206 



Herpes Zoster and Subsequent Cancer 



Potential reasons for the limited empirical evidence linking 
HZ infection with subsequent cancer are insufficient sample 
size and deficient study design. We performed the present 
study because the epidemiologic evidence linking HZ with 
subsequent cancer is limited and inconsistent and because 
there is a need for analyses of independent data from other 
populations (such as Taiwan). Using national population- 
based data, we investigated whether patients with HZ had a 
higher incidence of subsequent cancer, as compared with the 
general population, during the first year of follow-up and 
whether the risk changed according to time since HZ 
diagnosis. In addition, we attempted to identify the most 
common malignancies after an HZ diagnosis. 

METHODS 

Data source 

The National Health Insurance (NHI) program is a mandatory 
universal health insurance scheme in Taiwan and was 
implemented on March 1, 1995. Under the NHI, 
approximately 98.4% of the country's population (22.6 
million) is covered for a wide range of health care services, 
including ambulatory and inpatient care, Chinese medicine, 
dental services, childbirth, physical therapy, preventive 
medicine, home health care, and treatment for chronic 
mental illness. 

The data for this study were obtained from the National 
Health Insurance Research Database (NHIRD), which is 
released by the Taiwan National Health Research Institute to 
researchers in Taiwan. The database is a national, population- 
based claims database, and all personally identifiable 
information is encrypted for patient protection. Hundreds of 
researchers have published studies based on data from the 
NHIRD. 10 Because personally identifiable information in the 
NHIRD is encrypted to protect patient privacy, this study was 
exempted from full review by the Institutional Review Board 
of Kaohsiung Medical University. 

Study cohorts 

From the dataset for tertiary care centers, we identified all 
patients aged 50 years or older who received ambulatory care 
for herpes zoster (HZ; primary diagnosis code 053 of the 
International Classification of Diseases, Ninth revision, 
Clinical Modification [ICD-9-CM]) between January 1, 
1997 and December 31, 2006 (n =48 218). The NHI was 
implemented in 1995, and we were therefore unable to 
identify patients who had received a new diagnosis of HZ 
before 1997. Thus, to limit the study subjects to new HZ 
cases, we excluded patients who received an HZ diagnosis 
before 1997 («=1197 in 1996). In addition, we excluded 
individuals who had received a diagnosis of cancer before 
(n = 5396) or within 2 months after (» = 273) an HZ 
diagnosis. 9 A total of 41 352 HZ patients were ultimately 
selected for the study cohort group. 



We defined cohort entry as the date of the first outpatient 
visit (index ambulatory care visit) at which subjects received 
HZ treatment. The comparison cohort was extracted from a 
random sample of 1 000 000 individuals from the entire 
insured population in Taiwan (approximately 22.6 million). 
Statistical tests showed no significant difference in age, sex, or 
healthcare costs between the sample group and entire 
population, as reported by the NHRI. In constructing the 
comparison group, we first excluded patients younger than 50 
years who had received a diagnosis of HZ between 1996 and 
2010. Then, for each study cohort patient, 3 reference subjects 
from the remaining patients in the population-based database 
were selected randomly and matched by sex, age, and year 
of index ambulatory care visit. For the comparison cohort 
patients, who were selected using risk-set sampling, we 
assigned an index date identical to that of the index 
ambulatory care index visit of the matched study cohort. 
In addition, we excluded patients who had received a cancer 
diagnosis before or within 60 days of the date of cohort entry. 
For the 41 352 HZ patients thus identified, no controls could 
be found for only 2609 cases. A total of 116 229 subjects 
served as our comparison cohort group. 

Potential confounders 

For all members in both cohorts, we acquired data on potential 
confounders such as degree of urbanization of the individuals' 
residence community and level of insurance (as the economic 
index). In Taiwan, urbanization levels are divided into 8 
categories, ranging from category 1 (the most urbanized) to 
category 8 (least urbanized). 11 In our analyses, the urban-rural 
classification was aggregated into 4 levels: I, metropolitan 
(categories 1 and 2); II, city (categories 3 and 4); III, town 
(categories 5 and 6); and IV, rural (categories 7 and 8). 
Furthermore, we included as confounders a diagnosis of 
diabetes mellitus (DM) 12 and the Charlson comorbidity index 
(CCI) for the 12 months before the index date. 13 

Statistical analysis 

We used the x 2 test to compare differences in proportions 
between the study and comparison cohorts. Each patient was 
followed from the date of cohort entry to the first date of 
cancer diagnosis, date of death, or the end of the study 
(December 31, 2010), whichever occurred first. Cancer 
diagnosis was defined according to the criteria of the 
Registry for Catastrophic Illness Patient Database, a separate 
subsection of the NHIRD. The registry is considered accurate 
because all cancer diagnoses must be validated by a histologic 
test before a patient is listed therein. Such rigorous proof 
is required because patients who receive a diagnosis of 
a catastrophic illness are exempt from all copayments, 
according to NHI policies. 

Cancer incidence rates were calculated by dividing the 
number of cancer patients by the total person-years of follow- 
up. We used log-rank tests to evaluate the difference in the risk 
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of subsequent cancer between the 2 cohorts. Furthermore, we 
used Cox proportional hazards regression models to estimate 
hazard ratios (HRs) and 95% CIs for subsequent cancer, while 
controlling for the above-mentioned potential confounders. 14 
To validate the proportional hazards assumptions in the Cox 
regression model, we used diagnostic log-log survive plots 
to check each dichotomous variable in the model for 
proportionality. These diagnostic tests revealed that the pro- 
portional assumption was satisfied. Analyses were performed 
using SAS (version 9.2, SAS Institute Inc., Cary, NC, USA). 
All statistical tests were 2-sided, and a P value of less than 
0.05 was considered to indicate statistical significance. 

RESULTS 

The 38 743 patients in our HZ cohort were compared with the 
116229 selected matched controls. Table 1 shows selected 
demographic characteristics and medical conditions of the 
study subjects. As compared with patients without HZ, 
patients with HZ were more likely to have diabetes, to have 
a higher Charlson comorbidity index and lower monthly 
income, and to live in more-urbanized areas of Taiwan 
(Table 1). 

Among the 154 972 sampled patients, 1065 (0.69%) 
developed cancer during the first year of follow-up: 376 
(0.97% of HZ patients) from the study cohort (incidence 
rate, 9.74 per 1000 person-years) and 689 (0.59%) from the 
comparison cohort (incidence rate, 5.94 per 1000 person- 
years). 

Patients with HZ were more likely than patients in the 
comparison cohort to develop cancer during the first year of 
follow-up (crude HR, 1.65; 95% CI, 1.45-1.87), and this 
increase in risk remained significant after adjustment (HR, 
1.58; 95% CI, 1.38-1.80). After age stratification, the adjusted 
HR for subsequent cancer was 1.58 (95% CI, 1.12-2.21) in 
those aged 50 to 59 years, 1.45 (95% CI, 1.11-1.90) in those 
aged 60 to 69 years, and 1.68 (95% CI, 1.45-2.01) in those 
aged 70 years or older. In sex-stratified analyses, the HR for 
subsequent cancer was slightly higher for female HZ patients 
(HR, 1.61; 95% CI, 1.30-2.00) than for male HZ patients 
(HR, 1.55; 95% CI, 1.31-1.84). However, the difference was 
not significant (Table 2). The log-rank test showed that the 
1-year cancer- free survival rate was significantly lower in 
patients with HZ than in the comparison cohort (P < 0.001). 

Table 3 shows the HRs for subsequent cancer according to 
time to malignancy after the index ambulatory care visit. The 
HR was 1.58 (95% CI, 1.38-1.80) within the first year, 1.30 
(95% CI, 1.15-1.46) between 1 and 2 years, 1.10 (95% CI, 
0.98-1.24) between 2 and 3 years, 1.02 (95% CI, 0.91-1.15) 
between 3 and 4 years, and 1.08 (95% CI, 0.96-1.21) between 
4 and 5 years. The observed association increased when we 
included those who received a cancer diagnosis within 2 
months after an HZ diagnosis. The HR for subsequent cancer 
was 2.18 (95% CI, 1.93-2.46) within the first year. A 



Table 1. Basic characteristics of patients with and without 
herpes zoster (HZ) 



HZ patients Comparison patients 



Variable 


(n = 38 743) 


(n= 116229) 


P value 






% 




% 




Sex 












Male 


20 514 


52.95 


61 542 


52.95 




Female 


18229 


47.05 


54687 


47.05 




Age, years 












50-59 


12174 


31.42 


36679 


31.56 


0.8824 


60-69 


11847 


30.58 


35490 


30.53 




>70 


14 722 


38.00 


44060 


37.91 




Diabetes 












Yes 


4984 


12.86 


11308 


9.73 


<0.0001 


No 


33 759 


87.14 


104921 


90.27 




Monthly income (NT$) 












Financially dependent 


11 942 


30.82 


33855 


29.13 


<0.0001 


1-15840 


10066 


25.98 


22 550 


19.40 




15841-25200 


9818 


25.34 


43673 


37.57 




£25201 


6917 


17.85 


16151 


13.90 




Urbanization 












Metropolitan 


24068 


62.12 


48105 


41.39 


O.0001 


City 


6509 


16.80 


28048 


24.13 




Town 


5528 


14.27 


25957 


22.33 




Rural 


2638 


6.81 


14119 


12.15 




Charlson comorbidity index 
(means ± SD) 


0.41 ± 0.84 


0.29 ±0.67 


O.0001 



significant increase in the risk of subsequent cancer was 
observed only during the first 2 years after an initial diagnosis 
of HZ. 

Table 4 shows HRs for the most commonly observed sites 
of malignancy within the first year. A significantly increased 
risk was noted for lung cancer among women and lung 
and prostate cancers among men. When data on cancer 
development during the first 2 years were analyzed, the most 
commonly observed sites of malignancy were the same as 
those seen during the first year, and the HRs for the respective 
cancer sites were similar for the different intervals (data not 
shown). 

DISCUSSION 

To our knowledge, the present cohort is the largest (38 743 
patients with HZ) to be studied in order to estimate the risk 
of subsequent malignancy after an HZ diagnosis. In this 
population-based cohort study, we found that HZ patients 
were 1.58 times as likely as the general population to develop 
subsequent cancer during a 1-year follow-up period, after 
controlling for potential confounders. 

It is important to note that our study may suffer from 
detection bias, as would any study that attempts to investigate 
increased incidence of a disease (cancer) in relation to a 
clinical diagnosis of another disease (HZ). 8 We therefore 
intentionally biased our results downward by excluding 
patients who received a diagnosis of cancer during the first 
2 months after an HZ diagnosis. Indeed, the HR for 
subsequent cancer within the first year was higher when we 
included those diagnosed with cancer within the first 2 months 
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Table 2. Hazard ratios (HRs) for cancer during the first-year of follow-up among patients with and without herpes zoster (HZ), 
stratified by age and sex 



No. of Follow-up in Incidence Crude HR 

cancers person-years (per 1 000 person-years) (95% CI) 



Adjusted HR 
(95% CI) 



All 

Comparison 
HZ 
Age, years 
50-59 

Comparison 

HZ 
60-69 

Comparison 

HZ 
>70 

Comparison 

HZ 

Sex 
Female 

Comparison 

HZ 
Male 

Comparison 

HZ 



689 
376 



107 
59 

197 
92 

385 
225 



252 
142 

437 
234 



115 952.04 
38587.08 



36631.42 
12153.32 

35409.59 
11 807.09 

43911.03 
14626.68 



54586.87 
18170.10 

61 365.18 
20416.98 



5.94 
9.74 



2.92 
4.85 

5.56 
7.79 

8.77 
15.38 



4.62 
7.82 

7.12 
11.46 



1.00 

1.65 (1.45-1.87) 



1.00 

1.68 (1.22-2.31) 
1.00 

1.44 (1.12-1.85) 
1.00 

1.75 (1.48-2.07) 



1.00 

1.69 (1.38-2.08) 
1.00 

1.62 (1.38-1.90) 



1.00 

1.58 (1.38-1.80)" 



1.00 

1.58 (1.12-2.21)° 
1.00 

1.45 (1.11—1 .90) b 
1.00 

1.68 (1. 41-2.01 ) b 



1.00 

1.61 (1.30-2.00)° 
1.00 

1.55 (1.31-1.84)° 



"Adjusted for age, sex, diabetes status, monthly income, Charlson comorbidity index, and urbanization level. 
b Adjusted for sex, diabetes status, monthly income, Charlson comorbidity index, and urbanization level. 
°Adjusted for age, diabetes status, monthly income, Charlson comorbidity index, and urbanization level. 



Table 3. Hazard ratios (HRs) for cancer after a herpes zoster (HZ) diagnosis, stratified by time to cancer diagnosis 



Time interval 


No. of 


Follow-up in 


Incidence 


Crude HR 


Adjusted HR" 




cancers 


person-years 


(per 1 000 person-years) 


(95% CI) 


(95% CI) 


1 st year 












Comparison 


689 


115952.04 


5.94 


1.00 


1.00 


HZ 


376 


38 587.08 


9.74 


1.65 (1.45-1.87) 


1.58 (1.38-1.80) 


Between 1 and 2 years 












Comparison 


955 


230595.69 


4.14 


1.00 


1.00 


HZ 


411 


76519.36 


5.37 


1.31 (1.17-1.47) 


1.30 (1.15-1.46) 


Between 2 and 3 years 












Comparison 


1087 


343196.58 


3.17 


1.00 


1.00 


HZ 


407 


113653.53 


3.58 


1.13 (1.01-1.26) 


1.10 (0.98-1.24) 


Between 3 and 4 years 












Comparison 


1170 


453400.81 


2.58 


1.00 


1.00 


HZ 


393 


149964.79 


2.62 


1.02 (0.91-1.14) 


1.02 (0.91-1.15) 


Between 4 and 5 years 












Comparison 


1185 


560973.74 


2.11 


1.00 


1.00 


HZ 


420 


185545.09 


2.26 


1.08 (0.97-1.21) 


1.08 (0.96-1.21) 


"Adjusted for age, sex, diabetes status, monthly income, Charlson comorbidity index, and urbanization level. 




Table 4. Hazard ratios (HRs) for cancer after a herpes zoster diagnosis, stratified by site of cancer 








Women 




Men 




Cancer site No of cases/ 


Crude HR 


Adjusted HR" No. of cases/ 


Crude HR 


Adjusted HR" 


No. of controls 


(95% CI) 


(95% CI) No. of controls 


(95% CI) 


(95% CI) 


Colon/rectum 


11/45 


0.73 (0.38-1.42) 


0.67(0.33-1.35) 29/74 


1.20 (0.78-1.85) 


1.12 (0.70-1.77) 


Lung 


21/28 


2.33 (1.32-4.13) 


2.35 (1 .27-4.33) 40/60 


2.00 (1.34-2.98) 


2.12 (1.36-3.30) 


Liver 


19/26 


2.15 (1.19-3.89) 


1.97(0.98-3.97) 28/68 


1.24 (0.80-1.92) 


1.25 (0.75-2.07) 


Breast 


18/41 


1 .32 (0.76-2.29) 


1.21 (0.65-2.22) 






Cervix uteri 


9/18 


1 .50 (0.67-3.34) 


1.58 (0.60-4.13) 






Prostate 






33/52 


1.97 (1.27-3.06) 


1.90 (1.18-3.09) 


Gastric 






23/35 


1.96 (1.16-3.31) 


1.50 (0.80-2.79) 


"Adjusted for age, diabetes status, monthly income, Charlson comorbidity index, and urbanization level. 
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after an HZ diagnosis. Increased diagnostic testing after an HZ 
diagnosis could potentially explain the association between 
HZ and cancer in the short term. We found that HRs decreased 
gradually over time, that they were significant only for the 
first 2 years of follow-up, and that the HR was highest for the 
first year. These findings are consistent with the conclusion 
that the association between HZ and cancer is due to detection 
bias. 

An increased risk of cancer long after an HZ diagnosis 
would suggest that the active infection was directly 
carcinogenic or that cancer risk was increased due to an 
underlying immune deficiency. 7 In the present study, the 
relative risk of subsequent cancer varied according to duration 
of follow-up after HZ diagnosis. The HR for cancer showed a 
gradual temporal decrease, was statistically significant only 
during the first 2 years of follow-up, and was highest during 
the first year after diagnosis of HZ. These results suggest that 
HZ is not likely to be a risk factor for cancer. Rather, the 
increased risk of subsequent cancer during the 2 years after an 
HZ diagnosis may reflect the presence of occult cancer shortly 
after HZ diagnosis. 7 Our results support the hypothesis that 
HZ is an indicator of occult malignancy. This hypothesis was 
supported in 1 previous study 9 and contradicted in 3 other 
studies, which reported no association. 6 " 8 However, only 113 
cancer cases were investigated in those 3 studies, so it is 
highly unlikely that the studies had sufficient statistical power 
to detect an effect for rare events such as cancer or to assess 
site-specific cancer risks. 

If an HZ diagnosis is a marker of occult malignancy, we 
would expect that both men and women would be at increased 
risk for a site-specific cancer. Only 2 studies conducted a sex- 
stratified analysis of the risks of site-specific cancer after HZ. 
Ragozzino et al found no increase in the relative risks of 
cancer at specific sites, except for colon and bladder cancers 
in women. 7 Likewise, another study reported a borderline 
statistically significant effect for colorectal cancer among 
women only. 8 The absence of statistically significant 
associations in men may indicate either insufficient 
statistical power or a weak and/or absent relationship 
between HZ and cancer in men. 8 To our knowledge, our 
study is the first to find that both male and female HZ patients 
were more likely than the general population to develop 
subsequent lung cancer. Our finding of an increased risk of 
subsequent prostate cancer after HZ is also particularly 
noteworthy given that no other studies have examined the 
association between HZ and prostate cancer. Nevertheless, the 
possibility that ours is a chance finding should be considered, 
because existing evidence for an association between the 
risks of cancer at specific sites and HZ is inconsistent. 

The mechanisms that might explain the increased risk of 
subsequent malignancy in patients with HZ are unclear. 
Before diagnosis, cancers are often present in a preclinical or 
undetectable form. Thus, HZ could be an early manifestation 
of immune impairment associated with malignancy. An 



alternative hypothesis is that reactivation of VZV triggers 
immunologic mechanisms, such as tissue antigen alteration or 
antigenic stimulation, which could result in cancer. 8 Reports 
that malignancies had developed at the sites of previous HZ 
infection are consistent with this hypothesis. 4 ' 15 ' 16 Finally, 
cell-mediated immunity has an important role in reactivation 
of VZV 17 ' 18 and maintenance of immunologic surveillance 
control of malignancy. 19 ' 20 A disorder in host immunity could 
lead to both HZ and malignancy, either of which may appear 
first. 21 

This study has a number of strengths, including a well- 
defined source population, use of an external comparison 
group selected from the general population, and a large 
sample size. Nevertheless, we note several limitations of the 
present study. First, miscoding and misclassification are 
potential biases in an established database that relies on 
physician-reported diagnoses. However, such miscoding and 
misclassification are highly unlikely to be differential (ie, it is 
unlikely that miscoding would differ between patients with 
and without HZ) and would therefore tend to underestimate 
rather than overestimate the true association. Second, because 
the NHIRD database masks patient identities, we were unable 
to use histologic reports to verify diagnoses. However, 
because enrollment in the catastrophic illness registry is 
based on evidence from pathology and/or cytology, the data 
on cancer occurrence should be accurate. Third, our study 
may suffer from data censorship because some patients with 
HZ may not have visited a doctor. However, access to 
healthcare is excellent in Taiwan because the NHI provides 
universal coverage with very low financial barriers and has no 
gatekeeping role that might prevent access to specialized care. 
During the study period, patients were responsible for a 
copayment of only US$3 to $15 for each visit. Given the 
minimal barriers to access in Taiwan, we believe that most 
patients with a painful disease such as HZ would seek medical 
attention after disease onset. The number of HZ cases not 
captured by Taiwan's national health care database is likely 
to be small. 22 Fourth, although we controlled for several 
potential confounders in our statistical analysis, due to data 
limitations we were not able to include a number of possible 
cancer-related confounding variables such as smoking history, 
dietary habits, and alcohol use. Fifth, we limited our case 
cohort to patients at tertiary care centers. Selection biases may 
therefore exist, and caution must be used when interpreting 
the results. Sixth, more than 98% of Taiwan's population is 
of Han Chinese ethnicity, so the results of the present study 
may not be generalizable to other ethnic groups. Seventh, 
a spurious association between HZ and risk of subsequent 
malignancy could occur if patients with HZ were more likely 
to be screened for cancer. However, such surveillance bias is 
minimal because there is limited public attention highlighting 
HZ as a risk factor for cancer. As a result, HZ infection seldom 
prompts physicians to heighten alertness to cancer risk or 
increase clinical surveillance. Finally, it is possible that we 
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have not accounted for residual unmeasured confounding 
factors that differentially affect the case and comparison 
cohorts. 

In summary, we found a higher risk of subsequent cancer, 
particularly lung cancer, in the first 2 years of follow-up after a 
diagnosis of HZ. Our findings suggest that an HZ diagnosis is 
a marker of occult malignancy. After HZ diagnosis, cancer 
HRs decreased gradually over time and were no longer 
significant after 2 years of follow-up; the HR was highest 
during the first year. Our findings also suggest that the 
association between HZ and cancer resulted from detection 
bias. Only 0.97% of patients with HZ received a cancer 
diagnosis within the first year of follow up, and only 0.16% of 
HZ patients received a subsequent diagnosis of lung cancer. 
Thus, cancer screening for patients with HZ would have 
limited value and is unlikely to be cost-effective. 9 
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